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57 ABSTRACT 
The deflection of a light beam in two mutually perpen 
dicular directions ensues by rotating two spindles which 
are hinged to a single deflection mirror and whose axes 
reside perpendicular to one another. The first spindle is 
hinged to the deflection mirror via a fork joint such that 
the trunnion axis of said fork joint and the axis of the 
first spindle are perpendicular to one another. The sec 
ond spindle is hinged to the deflection mirror via a 
turning arm and a dog secured to the backside of the 
deflection mirror. So that the two spindles can be 
turned independently of one another, the dog is guided 
in the turning arm so as to be freely pivotable around 
the axis of the first spindle. The dog is preferably guided 
in a slot of the turning arm. Apparatus equipped with 
only a single deflection mirror for the deflection of a 
light beam in two mutually perpendicular directions are 
usefully employed in laser labeling. 

19 Claims, 7 Drawing Figures 
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1. 

APPARATUS FOR THE DEFLECTION OF A 
LIGHT BEAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an apparatus for the deflec 

tion of a light beam in two mutually perpendicular di 
rections whereby the deflection in each of the two di 
rections is controllable independently of one another. 

2. Description of the Prior Art 
Such apparatus comprising a first deflection mirror 

for the horizontal deflection of the light beam generated 
by a laser and a second deflection mirror for the vertical 
deflection of the light beam are, for example, used in the 
laser scanning of a subject, in processing a workpiece 
with a laser beam and in particular, in laser labeling. In 
laser labeling, a photoshutter, the deflection mirrors 
controllable in accord with the labeling job and a lens 
which focuses the light beam onto the surface of a part 
to be labeled are disposed in succession in the beam path 
of a light beam generated by a laser. With the assistance 
of such an arrangement, parts of metal, ceramic, semi 
conductor materials and a multitude of plastics can then 
be labeled in accord with the labeling job with letters, 
numerals, marks, company symbols or graphic illustra 
tions, whereby the labeling can be executed in engrav 
ing letter in fusing lettering or in evaporation lettering. 
Galvanometer mirrors having small, very light mirrors 
are thereby employed as deflection mirrors, these being 
distinguished by low moments of inertia and a low fric 
tion of the movable parts and, thus, allowing a high 
speed in the laser labeling. 

U.S. Pat. No. 3,902,036 appears to show an apparatus 
for the deflection of a laser beam in two mutually per 
pendicular directions wherein only a single galvanome 
ter mirror is disposed for the deflection in both direc 
tions. In the accompanying description, however, it is 
expressly emphasized that two galvanometer mirrors 
are employed in practice and that only one galvanome 
ter mirror was illustrated only for the sake of simplify 
ing the drawing. 

SUMMARY OF THE INVENTION 

An object of the invention is to create a simply con 
structed apparatus for the deflection of a light beam in 
two mutually perpendicular directions wherein high 
deflection speeds in both directions are enabled with 
only a single deflection mirror, being enabled by low 
moments of inertia and a low friction of the movable 
parts. 

In accordance with the principles of the present in 
vention this object is achieved by using two spindles 
whose axes are positioned perpendicular to each other 
and are hinged to a single deflection mirror. The first 
spindle is hinged to the mirror by a fork joint such that 
the trunnion axis of the fork joint and the axis of the first 
spindle are perpendicular to one another. The second 
spindle is hinged to the mirror by turning arm and a dog 
secured to the backside of the mirror. The dog is carried 
in the turning arm so as to be freely pivotable around 
the axis of the first spindle. 
By using the apparatus of the invention, a single de 

flection mirror, modifying the known principle of car 
danic suspension of a body, is seated such in a fork that 
it has two degrees of freedom for rotations and can be 
rotated via two spindles independently of one another. 
The first spindle thereby carries the fork, and the sec 
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2 
ond spindle is hinged to the deflection mirror via a 
turning arm and a dog secured to the back side of the 
deflection mirror. In addition, however, the dog must 
also be guided so as to be freely pivotable in the turning 
arm around the axis of the first spindle since, otherwise, 
a mutually independent actuation of the two spindles 
would not be guaranteed. As a consequence of omitting 
the second deflection mirror which was hitherto re 
quired, an extremely simple and compact structure of 
the overall deflection apparatus results. Moreover, the 
movable parts of the deflection apparatus can be easily 
designed such that low moments of inertia and a low 
friction result and, thus, high deflection speeds can be 
achieved. 
When an inventively designed deflection apparatus is 

employed in laser labeling, then further advantages 
derive due to the employment of a single deflection 
mirror. In comparison to known deflection devices 
comprising two deflection mirrors, the entrance pupil 
of the lens required for the focusing of the light beam 
can now be fixed to one point, this enabling the use of a 
simpler and less expensive lens. Further, the quality of 
the laser labeling is improved, since the geometrical 
distortions produced in deflection apparatus having two 
deflection mirrors due to the dislocation of the entrance 
pupil no longer occur. 

In a preferred development of the invention, the re 
flecting surface in the initial position of the deflection 
mirror is inclined by an angle of about 45 relative to the 
axis of one of the two spindles. In view of the fact that, 
given an angle of inclination of 90, a rotation of the 
corresponding spindle would not lead to any deflection 
of the light beam, such an angle of inclination of about 
45 is to be considered optimum. When the trunnion 
axis of the fork joint is also additionally aligned plane 
parallel to the reflecting surface of the deflection mir 
ror, then given identical rotational angles of the two 
spindles, proportional deflection angles of the light 
beam can be achieved in the respective directions, 
whereby the proportional relationship between rota 
tional angle of the spindle and deflection angle of the 
light beam in the one direction is twice as great as in the 
other direction and a simple compensation is enabled by 
means of a corresponding, electronic control of the 
drives. 

In accord with a further development of the inven 
tion, the trunnions of the fork joint are secured to a 
support mount of the deflection mirror. The deflection 
mirror can then be glued to the support mount, this 
being particularly expedient for reducing the moments 
of inertia of the movable parts. 

In view of the lowest possible friction of the movable 
parts, it is also expedient when the trunnions of the fork 
joint are seated in the fork of the fork joint via rolling 
bearings. 

In a further, particularly preferred development of 
the invention, the dog is guided in a slot of the turning 
arm. Given a turning of the first spindle, the dog can 
then glide practically force-free in the longitudinal di 
rection of the slot and, given a rotation of the second 
spindle, this rotation can be transmitted practically 
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play-free onto the deflection mirror in cross-direction of 
the slot. 
A particularly simple execution of the articulation of 

the second spindle to the deflection mirror is achieved 
in that the dog is aligned perpendicular to the reflecting 
surface of the deflection mirror and that the turning arm 
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is inclined at an angle of about 45° relative to the axis of 
the second spindle. 
The turning arm, however, can also be inclined by an 

angle of about 90 relative to the axis of the second 
spindle, whereby the slot is introduced into a leg of the 
turning arm aligned parallel to the axis of the second 
spindle. In this case, the dog can either be designed 
straight or can be aligned at an angle of about 45 rela 
tive to the reflecting surface of the deflection mirror or 
can be aligned in its fastening region perpendicular to 
the deflecting surface of the deflection mirror and can 
be inclined at an angle of about 45 relative to the re 
flecting surface of the deflection mirror by means of a 
two-fold bending in the region guided in the slot. In 
both modifications, thereby, a particularly high free 
dom of motion of the turning arm disposed offset by 90' 
relative to the fork of the fork joint in its initial position 
is guaranteed. 

In view of the lowest possible friction between turn 
ing arm and dog it is also particularly beneficial when 
the slot proceeds around the axis of the first spindle in 
the form of a circular arc. As a result of this measure, a 
relative motion between turning arm and dog as seen in 
longitudinal direction of the dog can be completely 
prevented. 

Further, it has proven particularly beneficial when 
the dog is formed of a cylindrical round rod. For reduc 
ing friction, the dog can then be seated in the slot in a 
particularly simple fashion via a rolling bearing. 

In accord with another, preferred development of the 
apparatus of the invention, it is provided that the first 
spindle and the second spindle are rotatable by means of 
allocated or dedicated galvanometer drives. Such gal 
vanometer drives are distinguished by a particularly 
high sensitivity and a particularly high precision. The 
galvanometer drives are then preferably applied to a 
housing which comprises a laser connection tube and a 
body tube aligned perpendicular thereto. By means of 
accomodating the entire deflection apparatus in such a 
housing, a particularly compact structural unit for laser 
labeling can then be obtained given corresponding com 
pletion with a laser and a lens. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the invention shall be 
explained in greater detail below with reference to the 
drawings. Shown therein are: 
FIG. 1, the employment of an apparatus of the inven 

tion for the deflection of a light beam in laser labeling, 
shown in a greatly simplified schematic illustration. 
FIG. 2, a first embodiment of an apparatus of the 

invention for the deflection of a light beam. 
FIG. 3, a second embodiment of an apparatus of the 

invention for the deflection of a light beam. 
FIG. 4, a third embodiment of an apparatus of the 

invention for deflection of a light beam. 
FIG. 5, a modification of the turning arm employed 

in the apparatus of FIGS. 3 or 4. 
FIG. 6, a roller bearing of the dog in the slot of the 

turning arm of FIG. 5. 
FIG. 7, the arrangement of an apparatus of FIG. 2 in 

a structural unit for laser labeling. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

FIG. 1 shows an apparatus for laser-labeling of a part 
T disposed on a work surface Af, this part T being a 
capacitor in the illustrated case. The apparatus com 
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4. 
prises a laser L which generates a light beam Ls in 
whose beam path a photoshutter Fv, a means E for the 
deflection of the light beam Ls in two mutually perpen 
dicular directions x and y and a lens O are disposed in 
succession, whereby the lens O focuses the light beam 
Ls onto the surface of the part T to be labeled. The 
apparatus E comprises a single deflection mirror as 
which deflects the light beam Ls in horizontal direction 
x and vertical direction y in accord with the respective 
labeling job, whereby the two deflection directions are 
defined by a planar cartesian x-, y-coordinate system 
indicated in the working surface Af. Two spindles S1 
and S2 residing perpendicular to one another are hinged 
to the deflection mirror As, this, however, being only 
shown in a purely schematic fashion in FIG.1. The first 
rotatable spindle S1 effects a deflection of the light 
beam Ls in the vertical direction y when it is rotated in 
the direction of the double arrow y', whereas the sec 
ond rotatable spindle S2 effects a deflection of the light 
beam Ls in the horizontal direction x when it is rotated 
in the direction of the double arrow x'. 
The drives (not shown in FIG. 1) of the spindles S1 

and S2 can, for example, be controlled by a process 
computer or by a microprocessor in accord with the 
respective labeling job, whereby the processor com 
puter or microprocessor can also assume the control of 
the photoshutter Fv. As indicated in FIG. 1, the part T 
can, for example, be labeled with the letter “S” by cor 
responding rotations of the spindles S1 and S2. 

FIG. 2 shows a perspective illustration of a first em 
bodiment of an apparatus (referenced E1 overall) for 
the deflection of a light beam Ls. The first rotatable 
spindle S1 designed as a hollow shaft stub carries a fork 
G in which a mount H is rotatably seated via trunnion 
Dz. A circular deflection mirror AS has its back side 
glued to the mount H. The fork G and the mount H 
with the two trunnions Dz form a fork joint referenced 
Gg which is designed such that the axis A1 of the first 
spindle S1 and the trunnion axis Dza are perpendicular 
to one another. 
The second rotatable spindle S2, likewise designed as 

a hollow shaft stub, is aligned such that its axis A2 is 
perpendicular to the axis A1 and goes precisely through 
the intersection of the axis A1 and the trunnion axis 
Dza. The hinging of the deflection mirror As to the 
second spindle S2 is accomplished by means of a turning 
arm Da and a dog M secured to the mount H of the 
deflection mirror As. The turning arm Da is a flat rod 
which has its front end rigidly connected to the second 
spindle S2 and is inclined at an angle of 45 to the axis 
A2 of the second spindle S2. A slot Sch open toward its 
front end is introduced into the turning arm Da, the 
center plane of said slot Schlying in a plane proceeding 
through the axis A2. The dog M guided in the slot Sch 
is formed of a straight cylindrical round rod whose 
diameter is only slightly smaller than the width of the 
slot Sch. Moreover, the dog M is aligned such perpen 
dicular to the reflecting surface of the deflection mirror 
As that its longitudinal axis proceeds through the com 
mon intersection of the axis A1, the axis A2 and the 
trunnion axis Dza. 
The light beam Ls to be deflected is aligned such that, 

in the direction of the axis A2, it impinges the reflecting 
surface of the deflection mirror As in the intersection of 
the axes A1 and A2 and, in the initial position, is down 
wardly deflected by an angle of 90. Given a rotation of 
the first spindle S1 in the direction of the double arrow 
y', a corresponding excursion in y-direction derives (cf. 
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FIG. 1), whereby the dog M moves in the slot Sch 
without transmitting a torque onto the spindle S2. 
Given a rotation of the second spindle S2 in the direc 
tion of the double arrow x', a rotation of the deflection 
mirror As around the trunnion axis Dza with a corre 
sponding excursion of the light beam Ls in x-direction 
(cf. F.G. 1) ensues via the turning arm Da and the dog 
M, whereby torque is likwise not transmitted to the 
spindle S1 in this operation either. A simultaneous turn 
ing of the spindles S1 and S2 leads to corresponding x, 
y curves in the plane of the working surface As (cf. 
FIG. 1). 
FIG. 3 shows a perspective view of a second embodi 

ment of an apparatus (referenced E2 overall) for the 
deflection of a light beam Ls. The hinging of the first 
spindle S1 to the deflection mirror As thereby ensues in 
the same way as in the first embodiment shown in FIG. 
2, whereby, however, it can also be seen in FIG. 3 that 
the trunnions Dz are seated via roller bearings W1 in 
the fork G of the fork joint Gg. The two roller bearings 
W1 are so-called miniature ball-bearings having a radial 
play of less than 2 um. 
The hinging of the second spindle S2 to the deflection 

mirror As ensues via a turning arm Da' and a dog M" 
secured to the mount H of the deflection mirror As. The 
turning arm Da' is an angled flat rod whose front end is 
rigidly connected to the second spindle S2 and is in 
clined in this fastening region by an angle of 90' relative 
to the axis A2. A slot Sch' open toward the front end is 
introduced into the leg of the turning arm Da' which 
proceeds parallel to the axis A2, the centerplane of this 
slot lying in a plane proceeding through the axis A2. 
The dog M" conducted in the slot Sch' is formed of a 
straight cylindrical round rod whose diameter is only 
slightly smaller than the width of the slot Sch'. More 
over, the dog M' is aligned such at an angle of 45 rela 
tive to the reflecting surface of the deflection mirror As 
that its longitudinal axis A3 proceeds through the com 
mon intersection of the axis A1, the axis A2 and the 
trunnion axis Dza. 
The light beam to be deflected is aligned such that, in 

the direction of the axis A2, it impinges the reflecting 
surface of the deflection mirror As in the intersection of 
the axis A1 and A2 and, in the initial position, is down 
wardly deflected by an angle of 90'. Rotations of the 
spindles S1 and S2 in the direction of the double arrows 
x' or y' leads to corresponding excursions of the light 
beam Ls in the x-direction or, respectively, in the y 
direction (cf. FIG. 1). 
FIG. 4 shows a perspective view of a third embodi 

ment of an apparatus for the deflection of a light beam 
Ls which is referenced E3 overall. This third embodi 
ment E3 largely corresponds to the second embodiment 
E2 shown in FIG. 3. The single difference is in the 
shape of the dog M" which is conducted in the slot Sch' 
of the turning arm referenced Da' here. The dog M" 
formed of a cylindrical round rod is aligned perpendicu 
lar to the reflecting surface in the region of its fastening 
to the mount H of the deflection mirror As and is dou 
bly bent such that its region conducted in the slot Sch' 
is inclined at an angle of 45° relative to the reflecting 
surface of the deflection mirror As. In its region con 
ducted in the slot Sch", the longitudinal axis A3 of the 
dog M" proceeds such that its extension proceeds 
through the common intersection of the axis A1, the 
axis A2 and the trunnion axis Dza. For the rest, the 
manner of functioning of the third apparatus E3 shown 
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6 
in FIG. 4 corresponds to that of the second apparatus 
E2 shown in FIG. 3. 
FIGS. 5 and 6 show a modification having a particu 

larly low-friction guidance of a dog referenced M" in 
the slot Sch" of a turning arm referenced Da". The leg 
of the turning arm Da" is bent off such in accord with 
FIG. 5 that the slot Sch" proceeds in a circular arc 
around the axis A1 which is not shown here (cf. FIGS. 
3 and 4). This axis A1 proceeds perpendicular to the 
plane of the drawing through the intersection of the axis 
A2 of the first spindle S1 and the axis A3 of the dog 
M". As a consequence of the course of the slot Sch" in 
the shape of a circular arc, no frictional forces between 
the dog M' and the turning arm Da' acting in longitu 
dinal direction of the axis A3 occur given a rotation of 
the first spindle S1 (cf. FIGS. 3 and 4). The frictional 
forces acting perpendicular to the axis A3 can, in ac 
cord with FIG. 6, be reduced by a rolling bearing W2. 
The balls Ku of the rolling bearing W2 held in a cage K 
roll off on the outside at the wall of the slot Sch' and, 
at the inside, at an all round groove of the dog M". The 
radial play of the rolling bearing W2 thereby amounts 
to less than 2 um. 

In a perspective illustration, FIG. 7 shows a struc 
tural unit for the laser labeling in whose housing refer 
enced Gh the apparatus E2 illustrated in FIG. 2 is inte 
grated. The first spindle D1 is connected to a galvanom 
eter drive Ga1 flanged to the housing Gh, whereas the 
second spindle S2 is connect to a galvanometer drive 
Ga2 which is likewise flanged to the housing Gh. The 
housing Gh also comprises a laser connection tube Lat 
and an objective (body) tube Ot. The laser connection 
tube Lat carries a flange F1 to which a laser can be 
secured. The light beam Ls generated by this laser is 
then incident in the direction of the axis A2 on the 
deflecting mirror As and is deflected by this through 
the objective (body) tube Ot and the lens disposed 
therein onto the working surface referenced Af, this 
being connected via a vertical leg Vs to the horizontal 
base plate Gp of the objective (body) tube Ot. On the 
basis of the actuation of the galvanometer drives Ga1 
and Ga2, this actuation being controlled, for example, 
by a microprocessor, the light beam Ls is then deflected 
in y-direction and in x-direction in accord with the 
respective labeling job. 
As is apparent from the foregoing specification, the 

invention is susceptible of being embodied with various 
alterations and modifications which may differ particu 
larly from those that have been described in the pre 
ceeding specification and description. It should be un 
derstood that we wish to embody within the scope of 
the patent warranted hereon all such modifications as 
reasonably and properly come within the scope of our 
contribution to the art. 
We claim as our invention: 
1. An apparatus for the deflection of a light beam in 

two mutually perpendicular directions, whereby said 
deflection in each of said two directions is controllable 
independently of one another by the rotation of a spin 
dle connected to a deflecting mirror, comprising: 
two spindles having axes residing perpendicular to 
one another are hinged to a single deflection mir 
ror; 

the first spindle is hinged to said deflection mirror via 
a fork joint, whereby the trunnion axis of said fork 
joint and the axis of said first spindle reside perpen 
dicular to one another; 
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said second spindle is hinged to the deflection mirror 
via a turning arm and via a dog secured to the 
backside of the deflection mirror; 

said dog is conducted in said turning arm so as to be 
freely pivotable around the axis of said first spindle. 

2. An apparatus according to claim 1, wherein the 
reflecting surface in an initial position of the deflection 
mirror is inclined at an angle of roughly 45 to the axis 
of one of the two spindles. 

3. An apparatus according to claim 1, wherein the 
trunnion axis of said fork joint is aligned parallel to the 
plane of the reflecting surface of said deflection mirror. 

4. An apparatus according to claim 3, wherein the 
trunnions of said fork joint are secured to a mount of 
said deflection mirror. 

5. An apparatus according to claim 1, wherein said 
trunnions of said fork joint are seated via rolling bear 
ings in the fork of said fork joint. 

6. An apparatus according to claim 1, wherein said 
dog is formed of a cylindrical round rod. 

7. An apparatus according to claim 1, wherein said 
first spindle and said second spindle are rotatable by 
means of allocated galvanometer drives. 

8. An apparatus according to claim 7, wherein said 
galvanometer drives are attached to a housing which 
comprises a laser connection tube and an objective 
(body) tube aligned perpendicular thereto. 

9. An apparatus for the deflection of a light beam in 
two mutually perpendicular directions, whereby said 
deflection in each of said two directions is controllable 
independently of one another by the rotation of a spin 
dle connected to a deflecting mirror, comprising: 
two spindles having axes residing perpendicular to 
one another are hinged to a single deflection mir 
ror; 

the first spindle is hinged to said deflection mirror via 
a fork joint, whereby the trunnion axis of said foek 
joint and the axis of said first spindle reside perpen 
dicular to one another; 

said second spindle is hinged to the deflection mirror 
via a turning arm and via a dog secured to the 
backside of the deflection mirror; 

said dog is conducted in said turning arm by being 
guided in a slot of said turning arm so as to be 
freely pivotable around the axis of said first spindle. 

10. An apparatus according to claim 9, wherein said 
dog is aligned perpendicular to said reflecting surface of 
said deflection mirror; and in that said turning arm is 
inclined at an angle of roughly 45 relative to the axis of 
said second spindle. 

11. An apparatus according to claim 9, wherein said 
turning arm is inclined at an angle of about 90 relative 
to the axis of said second spindle and in that said slot is 

O 

8 
introduced into a leg of said turning arm aligned parallel 
to the axis of said second spindle. 

12. An apparatus according to claim 11, wherein said 
dog is designed straight and is aligned at an angle of 
about 45° relative to said reflecting surface of said de 
flection mirror. 

13. An apparatus according to claim 11, wherein said 
dog is aligned in its fastening region perpendicular to 
said reflecting surface of said deflection mirror and, on 
the basis of a double bend in the region guided in said 
slot is inclined at an angle of about 45° relative to said 
reflecting surface of said deflection mirror. 

14. An apparatus according to claim 9, wherein said 
slot proceeds in the shape of a circular arc around the 
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axis of said first spindle. 
15. An apparatus according to claim 9, wherein said 

dog is seated in said slot via a rolling bearing. 
16. An apparatus for the deflection of a light beam in 

two mutually perpendicular directions comprising: 
a first spindle rotatable about a first axis; 
a second spindle rotatable about a second axis perpen 

dicular to said first axis; 
a single deflection mirror hinged to said first spindle 
and said second spindle for independent movement 
by each spindle; 
said spindles being hinged to said mirror such that 

a spatial position of each spindle is not influenced 
by rotation of the other spindle. 

17. An apparatus according to claim 16, wherein said 
first spindle is hinged to said mirror by means of a joint 
comprising a rotatable trunnion held in a fork, said 
trunnion rotatable about an axis perpendicular to said 
first axis. 

18. An apparatus according to claim 17, wherein said 
second spindle is hinged to said mirror by means of a 
joint comprising a turning arm attached to said spindle 
and a dog attached to said mirror, said dog movably 
captured by said turning arm so as to be freely pivotable 
around said first axis. 

19. An apparatus for the deflection of a light beam in 
two mutually perpendicular directions comprising: 

a single deflection mirror; 
a first means for rotating said mirror about a first axis; 
a second means for rotating said mirror about a sec 
ond axis perpendicular to said first axis; 

rotation of said mirror by said first means having no 
effect on a satial position of said second means, and 
rotation of said mirror by said second means hav 
ing no effect on a spatial position of said first 
means; 

whereby rotation about each axis is accomplished inde 
pendently. 

k g : 


